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Owhereln Y Is oxygen or -h- , R, is hydrogen, alkyi, arylalkyi or aryl and R* Is hydrogen or alkyi can be 
C^contplexed wHh metal atoma and used in medical diagnostlca. 
Ill 
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and analoqs 



MetEO-chelating Ifgands are useful in diagnostic medicine as contrast agents and relaxation enhance- 
ment agents. X-ray imaging, radionuclide Imaging, ultrasound Imaging and magnetic resonance Imaging can 
each be enhanced by the use of a metal atom txxmd to a chelating Bgand. Rm- example, a ch lating (igand 
can be a radlophanmaceutlcal when It is prepared as a chelate complex wfth ^"Tc, '"In, or 
other radioacth^ metal ions. When a chelating Ugand is complexed with the stable Isotopes of the 
lanthanldes, tantalum, bismuth or other elements with molecular weight higher than lodbie, the resulting 
complex absorbs x-rays sufficiently to act as an x-nay contrast agent In some cases, the agents thai are 
useful in x-ray imaging absorb, reflect or scatter ultrasound radiation sufRdentfy to be used as an ultrasound 
agent If a chelaBng llgand is complexsd with a paramagnetic metaf atom that has a symmetric electronic 
ground state Mn** or Fe*») the resulting complex will be useful as a spin relaxafion catalyst that 

is used In magnetic resonance Imaging (also known as NMR Imaging) as a contrast agent If a cheiafing 
agent is complexed with a paramagnetic metal atom that has an unsymmetrlcai electronic ground state ( 
AOv dysprosium 011), holmium (lli) and erbium (Ui)). the resulting complex will be useful as a chemical shift 
agent in magnetic resonance imaging or in magnetic resonance In jd^gspectroscopy. When a chelating 
agent Is complexed with bismuth or tantalum, the resulting complex wiD be useflii as a contrast agent Ibr st- 
ray imaging. 

It is an object of thte invention to provide new metal-chelating Ogands. 

It is a further object of this invention to provide meta(K:helating il^ 
have low osmolality. 

It is a further object of this invention to provide metal-chelating Hgands ¥yhose metal chelate complexes 
have low acuta toxicity. 

it is a further ofa^ of this invention to provide metaH*eiating Uganda which, when complexed as 
relaxation catalysts in magnetic efficacy as relaxation catalysts in nrmgiwtic resonance Imaging. 

These, and other objects which wiH be appredated by the practitioner of this Invention, are acMeved by 
metal-cheiating ilgands having the formula 



I 




in fbrmula 1, and throug^utthe specMcatlon, the symbols are as deffined below. 
1 1 

Ytsoxygenor->N- ; 
Rt ie hycfrogen. alkyi, arylalkyi. or aryi; and 
Rs is hydrogen or alkyt. 

The temns "alkyr and "alkoxy* as used throughout the spedfteation. refbr to both straight and 
branched chain groups. Those groups having 1 to 5 carbon atoms are prefianed and methyl is th most 
preferred alkyI group. 

The tenn "aryi" as used throughout the spedfteation refsre to phenyl and substituted phenyl. Preferred 
substituted phenyl groups ars those substitufed with 1 , 2 or 3 halogen, hydraxyl, alkyl. alkoxy, carbamoyl or 
cartxucyl groups. 

The metaMielatIng Ilgands of fbmiula I, and salts thereof, can be complexed with a paramagnetic 
metal atom and used as rataxaSon enhancement agents for magnetfc resonance imaging. These agents. 
¥rtTen administered to a mammalian host fe.Q.. humane), catalyze relaxation of protons in the body that have 
been excited liy the absorption of radlofirequency energy from a magnette resonance imager. This 
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acceieration of th rate of relaxation of ttie excited protons provides for an imo^Q of Oltl^T^ ^fM9Si KtlQIl 
the host is scanned with a nnagnetic resonarKe imager. The magnetic resonance Imager is used to record 
images at various times t>efore and after administration of the agents, and the differences in th images 
created by the agents* presence in tissues are used in diagnosis. In proton magnetic resonance Imaging, 
paramagnetic metal atoms such as gadoSnlum (III), manganese (li), chromium (III), and iron (111) (all are 
paramagnetic metal atoms with a symmetrical electronic configuration) are prefened as metals complexad 
by the ligands of fbmiula 1; gad Unium (III) is most prefenred due to the fact that It has the highest 
paramagnetism and low toxicity. 

The metak:helaSng ligands of fbnmula I can be complexed with a lanthanide (atomic numl>er 58) to 71) 
and used as chemical shift agents in magnetic resonance ima^g or in magnetic resonance Jn vivo 
spectroscopy. 

While the ak)ove-described uses for the metak:he1ating Uganda of fomnula t are preferred, those working 
in the diagnostic arts will appreciate that the ligands can also be complexed with the appropriate metals and 
used as contrast agents in x-ray imaging, radionuclide imaging and ultrasound Imaging. 

To use the ligands of this Invention for Imaging, they must first be complexed with the appropriate 
metal. This can be accomplished by methodology known In the art For example, the metal can be added to 
water in the fomn of an oxide or In the Ibrm of a haiide and treated with an equimolar amount of a llgand of 
formula 1. The llgand can be added as an aqueous solution. Dikite ackj or base can be added (If needed) to 
maintain a neutral pH. Heating at temperatures as high as 100*C for periods up to four hours is sometimes 
required, depending on the metal and the chelator concentration. 

Pharmaceuticaily acceptable salts of the metal complexes of the ligands of this invention are also useful 
as Imaging agents. They can be prepared by using a base (^ an alkaH metal hydroxide, meglumine or 
arginlne) to neutralize the above-prepared metal complexes while they are still in solution. Some of the 
metal complexes are formally uncharged and do not need cations as counterions. Such neutral complexes 
are prefenred over charged complexes because they provide solutions of greater physiotogic tolerance due 
to their tower osmolality. 

Sterile aqueous soluttons of the chelate-comptexes can be administered to nrwnmais (b.q.. humans) 
orally, Intrathecalty and especially intravenously In concentrations of 0.003 to 1.0 molar. For example, for 
the visualization of brain lesions In canines using magnetic resonance imaging, a gadolinium complex of a 
llgand of fonnula I can be administered intravenously at a dose of 0.05 to 0.5 mlinmoles of the complex per 
kilogram of animal body weight, preferably at a dose of 0.1 to 0.25 milllmole/kilogram. For visualization of 
the kidneys,, the dose is preferaisly 0.05 to 0.25 mililnru>ies/kik)gram. For vlsuallzatkm of the heart the dose 
is preferably 0«25 to 1.0 milllmoles/kllogram. The pH of the formulation will be between about 6.0 and 8.0» 
preferably between about 6.5 and 7.5. Physlologtealiy acceptable buffers (fijL- tris(hydroxymethylh 
aminomethane) and other physiologically acceptable additives re.Q.. stabilizers such as paiabens) can be 
present 

The compounds of fomnula I can be prepared by the reaction of a compound having the Ibrmula 




with a reactive add derivaBve having the formula 

X-CH-C-OH ^ 

wherein X is a readily diq)laceable group such as chlorine, bromine or iodine. 



hprB[sringtho»eom 

whwrtn Y b oxygen or • N- other than -NH-, the aboveKlescribed reaction of a compound of formula II 

with a compound ol formula 111 is preferably carried out In water at a pH of about 8 to 10 (most preferably 
5 about 9^. The reactfon proceeds most readily if It Is wanmed to about 50-80''a Base, such as an aUcaO 
melal hydroxide or a tetraalkytammonhim hydroxtde, can be used to adjust and maintain the pH of the 
reaction. After the reacflon is completed (usually about e to 18 hours) it is allowed to coot (to abmit 21 *Q 
and then acidified (using, for example, hydrochloric acid). 

In preparing those compounds of formula 1 wherein Y is -NH-, ttie above-described reaction of a 
TO compound of fonmula 11 with a compound of formula III is preferably carried out In water at a pH of about BJS 
to 9 and the temperature of the reaction is maintained at about 45-S5''C. Pref^ly, only about two 
equivalents of a compound of formula in are Initially used in the readfom an addRtonal equhratent of the 
compound of formula III Is added in portions starting about 2 to 3 hours after the reactfon begins. Total 
reactfon Hme wiH preferably be about 8 to 24 hours. The desired trisubstitued product can be separated 
75 from the raacfion mixture, which Includes the mono-, dl-. td-and tstra-substRuted derfvativeSp by arl* 
recognized techniques including selective predpftationr chromatography and crystallization. 

Additional synttetic approaches fbr preparfog the compourHjs of this invention vriU be apparent to those 
of ordhiary sidll fin the art For example, those compounds of fomiula i wherein 

20 Yls-N- and R,fealkyl,aryiallcyl or aryl can be prepared by allcylation of tto 

of fennula I wherein Y is -NH-. Those compounds of formula I wherein Y is •NH-can be prepared by 
debenzylation of the comesponding compounds of formula I wherein 

?^ 

Y is — rl— and R, is benzyL The debenzylation reaction can be accomplished using catalytic hydrogena* 
2S tion. 

Those starting compounds of fbrmula n wherein Y Is oxygen or -NH-are known. The compounds of 
formula II wherein 

H 

Y is — N- and R, Is alkyl. arylaflcyl or aryl (this subgenus is r8«Brred to hereinafter as R*,) are novel, and 
so as such consStute an Integral part of this Invenflon. They can be prepared Irom flw conn^^ 

wherein Y is -NI4-using conventional alkylation techniques. 
Altsrn|liveV. the starting compounds of fonnula d wherein 

Y Is — N - can be prepared by first reacting the lAT-trftosylate of diethanolamlns wHh the 1,7- 
35 ditosylate of a 4-substfluted l,4.5^riazaheptane to yield 

IV Ts CH--Ca, JTs 

^ Ts ^^^^2"*^ ^^'l 

wherein the symbol "Ts" represents the tosyl to-toluenesulfbnyl) group. This general approach to 
polyazamacrocycles is described In SOL Svnth- §S;88 (1978). The 4-substituted 1 .47-trfazah^rtanes can 
^ be prepared using the methodology described in United States patent 3^1,472. 

Removal of the tosyl groups from a compound of fonmula IV yfekis the desired compounds of formula n 
wherein 

ri 

Y Is — N — . . It can be accompHshed by add hydrolysis using, for example, concentrated sulfuric add or 
hydrobromic add wHh acetic add and phenol or by reducthm cleavage using. Ibr example, lithium 
aluminium hydride or sodium in liquid ammonia. 

ARa^raGvely. the starting compounds of fbrmula 11 whereh 

Y Is — N - can be prepared by redudng the corresponding compound having the fbrmula 
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V 

6 



10 




19 using phosphorous oxychloride or phosphorous pertachloride and zinc or sodium borohydrWe, lithium 
aluminium hydride^ or borane. Compounds of formula V can be preparad by cydocondensation' dl 
diethylenatriamine with desters of substituted imino diaoeUc adds. La»* compounds of the formula 

VI O 
^ R» ^-lI-{CH2-C-0-alkyl )2 . 

The following examples are specific embodiments of this Invention. 

25 

Examote 1 

47.lO*Tri8carboxymethyl-lHaxa-47.1(>4ria2acyd 

^ To a solution of 8.00 g (24.8 mmol) of 1-ox8-4,7,l0*tria2acyclododecane sulfuric acid salt In 20 mi of 
water was added 8M potassium hydroxide to give a pH of 9.1. Chloroacetic add g, 124 mmol) was 
added, the pH adjusted to 8.5, and the solution wanmed to 45*C. Ttie reaction was continued for 15 houre 
with base added as necessary to maintain the pH between 9.5-10. The solution vi^ cooled to 21 the pH 

ss to 2.0 with concentrated hydrochloric add. the solution evaporated to dryness. The residue was 

extracted with 400 ml of ethml. filtered, and the sohwit evaporated. The solid was dissolved In water and 
passed onto a cation exchange column (Dowex 60X2. hydrogen fomi). The cdumn was washed with water 
and the tigand eluted wHh O.SM ammonium hydroxide. The solvent was evapotated, the soKd redlssohfed In 
water and passed onto an anion exchange column (AQ1-X8. fonnate fbrm). The column was waahed well 
with water» and the Hgand eluted with 0.5M formic add. The solvent was evaporated under reduced 
pressure, the soHd redlssdved In water and reev^rated.. The cwde solid was dissolved in methanol and 
slowly predpltated by the addition of acetone and cooling to about 5«C. The yield was 2.68 g of an 
extremely hygroscopic and deliquescent solid. "C NMR <D.O. ppm ^ TMS): 175.4. 170.7. 85.3, 58.4. 58.0. 
54.0. 83.7. 48A Mass apectrum (FAB): m/e 348 (M-i-H) and 348 (M-H). 

4S 

ExamolQ ^ 

1 ,4.7>Tri$carboxvmethvH .4.7.10-tetraa2acvctododfl^^n^ 



A solution of 36.8 g (O.lOO mol) 1,4,7.1 0-letraaracyclododecane bissulfuric acid salt In 166 ml delonized 
water was brought to pH as using 8M potassium hydroxide. To this solution was added 1&9 g (0J200 mol) 
of solid chloroacetic add. and the pH was readjusted to 8.6. The temperature was Inaeased to 50*C and 
the pH maintained between 8.5-9.0 by tii addition of 8M potassium hydroxide as necessary. After 3 hours, 
an additional 4.73 g (0.050 mol) of chloroacetic add was added, and the pH readliustsd. After 5 hours, an 
additional 3.78 g (0.040 mol) of chloroacetic add was added and the pH was reacQusted. The reaction was 
continued at 50*C and pH 8^.0 for 16 hours after the second additton. The reaction mbdura was cootod. 
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the pH brougtn to 2 with concentraiBd hymoric addi and the mixture diluted with mettianol THe mlM 

was fittered and the filtrate evaporated. The solid was dissolved in water and passed onto a caHon exchange 
column (Dowex 50)Q-400, hydrogen form). The column was washed wen with water then the Bgand -brought 
off by eluting with 0^ ammonium. hydroxide. Evaporafion gave the solid ammonium ^SL This saft was 
5 dissolved in water and passed onto a column of anion exchange resin (Dowex AQ1-X8). The coiumn was 
washed well with water and 0ie ligand luted with 0.5M aqueous tomfc add. The solid obtained after 
evaporation of the solvent was crystallized from methanol to give 8^ g of the ligand as a colorless soRd.- ^ 
NMR (D,0, ppm TM8): 176.9, 171.0, 57.0, 55.7, 52.7, 50.3, 48.3. 43.6. Mass spectrum (FAB): m/e 345 * 
(M*H)and347(M+H). 

w 

Msfliaiill 

A mbetura of 100 mg of 10% palladium on charcoal and 250 mg of 1-benzyl-4,7,10-triscarboxymethyh 
7$ 1. 4,7,1 O^tetraazacydododecane (see Example 4) rn 40 mi of 5% acetic add in water was shaken under 353 
p.sJ. of hydrogen for 16 hours. Filtration and evaporation gave the cnjde ligand which was crystallized from 
mettianotecetone yielding 130 mg of the desired product 



20 Example a 

1-MethyM,7,104riscartXKxymethyl-1 ,4,7.ia-tetraazacydododecane 

To a solution of 250 mg (0.723 nunoi) of 1,4.7-triscarfooxymethyl-l, 4.7,1 0-tetraazacydododecane (see 
2S Example 2) in 2.9 ml of methanol was added 220 mg (1.59 mmol) of potassium carbonate. To the resul&ig 
mixture was added 308 mg (2.17 mmol. 3 eqdv) of metiiyl Iodide. Within a short time, most of the soBds 
dissolved. After 15 hours at 21 ''C, a mass of crystals, had separated. Additonal methanol was added G2 ml) 
to dissolve the solid. After 23 hours, an additionai 102 mg (0.72 mmd) of methyt lo^e was added. After an 
additional 16 hours, the solution was addlfied with conoentraled hydrochiorio add and the volatiies were 
30 removed on the rotary evaporator. The reddue was extracted with methanol, filtered, and the metfiand 
evaporated. The rsddue was crystallized twice from methanol/acetone yielding 56 mg (0.16 mmoQ of a 
colorless soDd, melting point 215*240* (asft .)- "C NMR (DiD. ppm ^ TMS): 177.2. 171.1, 57A 565. 54.1, 
52.8, 50.1 , 49.9. 43.7. Mass spectrum (FAB): mAs 359 (M-H) and 361 (M 4* H). 

35 

Exampie4 

1*Ben2yl-4,7.10-triscarbOKymethyi*1 ,4,7,1 04stFaazacydododdcane 

40 Al S-Benzvl>2.gf^|iTvi^i ,«^,ft-^p^/^ny^^ 

To a solution of 6.80 g (95.7 mmoO acrylamide (95.7 mmol) in 10 ml water at ^ 5*C was added 
dropwise 4.4 ml (4.32 g, 40.3 mmol) of benzyl amine. After the addition was complete..the temperature was 
rdsed to 87<*C for 6 hours. The water was evaporated to give a thidc dL The off was dissolved in about 25 
45 ml acetone and about 15 mi of ether was added to predpitate an oil This mixture was allowed to stand fbr 
18 hours, during which time the oil soSdilied. The solid was broken up and collectBd by HHratlon and dried 
under vacuum at SO^'C for 6 hours. The cnide product weighed 9.75 g ^.1 mmol), melted at 103*106*0; 
and was suitable for use in the next reaction without further purification. 

50 

To a solution of 3a7 g (0.586 mol) potasdum hydroxide In 150 ml water at 5''C was added 30.0 g - 
(P.120 mO of &»benzyl-2«8-dloxo-13.9^azanonane. To the resuHing mixture was added dropwise 345 ml of 
69 0.80M potassium hypochlorite over 0.5 hours. The solution was diowed to warm to 21*C then heated to 
85*C fbr 4 hours. The advent was then evaporated under reduced pressure and the reddue was extracted 
wHh didiloromethan , filtmed, dried with magnedum sulfde, filtered, and evaporated to ghre 14.7 g of the 
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crude product Vacuum distillation gave 10.1 g of the desired triamlne as a colorless liquid, bo\\\n^ point 

110-115*6 at 0.36 mm. of Hg. NMR (CDCI,. ppm ^ TMS): 139.1» 12&7. 128.1, 126.9, 58.0, S6.3, 39.3. 
Mass spectrum (Q): m/e 194 (M-i-H) and 192 (M-H). 

6 

C) 4-BenzyM,7-bis(p-toluenesum)fiylHi4,7Hrtazahep1ane 

To a solution of 141.2 g (0.741 mol) of cHohienesulfbnyl chloride In 250 ml of dichloromethane wHh 110 
ml (0.8 md) of triethylamine was added dropwise 68.0 g (0.352 mol) of 44)en2yl»1 A7-triazaheptane in 75 
10 ml of dichloromethane. After 2 hours, the solution was washed three times with water at pH 9, and the 
- orgartic phase was dried with sodum sulfete and filtered. Evaporation gave an oil which was dissolved In 
etoux 450 ml of ethyl acetate. The solution was diluted with 200 ml of ether and left to stand at room 
temperature for 24 hours. The mixture was further diluted with about 50 ml of ether and refrigerated fbr 
another day. The product crystalDzed in massive prisms which were collected by filtration and dried under 
IB vacuum at 40''C for 6 hours, yielding In the first crop 140 g (0.279 mol) of a coloriess solid; melting point 
87-91 "C. Mass spectrum (CQ: m/e 502 (M + H) and 500 (M-H). 



D) 14enzyi-4.7.10^8(p-toluenesultbnyl)-1.4,7J0-tetraazacyclododecane 

20 

Into a dry flask, under nitrogen was palced about 3.9 g of a 60% sodium hydride dispersion. It was 
was^ twice with hexanes then suspended In 200 ml of dry dimethyHbrmamide. To the mbcture was added 
20 g (40 mmoi) of 4-benzyl-1,7-bls(p-toluenesutfonytH.4.7-tria2aheptane over 5 minutes. After the initial * 
reaction had suk)slded. the mixture was heated to lOO'^C for 1 hour. To the resulting hot solution was added 

25 dropwise 22.6 g (40 mmol) of diethanolamine trHosylate in 100 mi of dry dimethytformamlde over 3.5 hours. 
After an additional 0.5 hours, the solution was allowed to cool and 20 ml of methanol was added. Th 
volaUies were then removed on the rotary evaporator. The residue was dissoh^ in a mixture of 400 ml of 
water and 200 ml of dichloromethane. The phases were separated and the aqueous phase washed twice 
more with dichloromethane. The combined organic fractions were dried (magnesium sulfate), filtered, and 

30 evaporated to give a yellow oil. Crystallization was induced by the addition of about 100 ml of methanol* 
The mixture was kept at •S^C overnight and the product collected by filtration. After drying, 20.4 g of a 
coloriess soBd was obtained; melting point 208-21 0*C. 



36 E) 1-Benzyl*1 ,4,7.10*l6traazacydododecane tetrahydrochloride 
Method I 

To a Slurry of 2.0 g (2.8 mmoO 1Ht)enzyK7.10>tris(p^toiuenesulfdnyl)*l.4.7,lO-tetraazacyciod^ In 
40 about 25 ml of ammonia at -77*0 under nitrogen was added 0.50 g (22 mmol. 8 equlv) of sodium metal in 
portions over about 5 minutes. The blue mixture was stinred an additionai 45 minutes and the reaction was 
quenched with 1.16 g (22 nrmol) of solid ammonium chloride. The ammonia was allowed to evaporate. 
Water (50 mQ was added lo ttie residue and the pH adju^ to about 12 using 6M potassium hydroxide. 
JhB mbdure was extracted three times with 30 ml portions of dichloromethane. The combined organic 
46 fractfons were then extracted with three 30 ml portions of 2M hydrochloric add. Evaporation of the water 
under reduced pressure gave a solid residue. The residue was washed with melhmri and dried under 
vacuum at SO'^C to give 600 mg (1.47 mmol) of a coloriess soOd, which was used direcHy In the final step. 



50 Method II 
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1. l-Bsnsyl^JI-diOKS-l A7.104fi!nfi2^ 



To a solution of 312 g dimethyH^-benzyHminodiacGtatd in 2.5 i of dry dthanoi at reflux und^ nHrogon 
. was added dropwise 12.8 g of dlethylenetriamlne In 160 ml of dry elhanoL Reflux was carried out for a total 
s of 137 flours. The solution was evaporalsd under reduced pressure leaving a yelfow paste. TrituraHon wHti 
acetone left 5^ g of tfw desired product as a colorless solid. 

NMR (mettianol. ppm ysL TM8): 173A 139A 130.5, 129.6. 128.8. 64.0. 46^. 3&7. Mass spectrum (CQ: 
m/e 291 (M'f H) and 289 (M-H). 

10 

2. 1-BenzyM.4.7.10-tetraazacyclododecane 

To a suspension of 890 mg (ZSrr mmol) of 1-benzyl-3,11-dloxo-1 ,4,7,1 (Hetraazacyclododecane in 
tetrahydroftiran under nitrogen was added 2.64 ml of 8M txrane-metfiyl sulfide complex (21.1 mol. 7 
7S equivalents). The nUxture was heated to reflux allowing the methyt sulfide to distm out of the reaction flask. 
After 2 hours, the reaction was quenched fiy the addition of 12 ml iJBM hydrochloric add In methanol and 
rafluxed for an additional 3 hours. Vblatnes were removed by evaporation, and the solid resuspended in 
methanol and reevaporated. The product was crystallized firom methanol/iatfiyl acetate; yteld 465 mg. 37%. 
Mass spectrum (Ci): m/e 263 (M -^H). 

20 

F) 1-BenzyM,7.10-tri8cartx)xymethyM A7.lO-tetraazacyclododecane 

The pH of a solution of 3.5 g of 1-tienzyh1 ,4,7.1 O^etraazacydododecane tetrahydrochloride in 17 ml of 
25 water was aclfusted to 7 using 6.0 M potassium hydroxide. To this solution was added 3.64 g of chloroacetic 
add, and the pti was readjusted to 9.5. The solution was warmed to 45*C and the pH adijustad as 
necessary to maintain the pH at 8.5*ia After 6 hours, the heat source was removed and the sdution left to 
stand for 1 day. The sdufim was addified to pH 3 with concentrated hydrochlorie add. diluled with 500 ml 
of water, and appHed to a Dowex 50X-2 cation exchange redn (li^ form). After washing with water, the 
3d ligand was eluted vioth 0.5 M aqueous ammonia. After evaporation of the sdvents. the crude ammonium salt 
was redJssdved In wator and appfled to an anion exchange column. After wasMng with water, the ligand 
was eluted with OJ! m aqueous fbmnfc acid. After evaporation of the solvents, the crude product was 
crystalDzed from methanoiteetone to give 2.0 g of the Rgand as a colorless solid. Mass spectrum (FAB): 
m/e 437 (M H) and 435 (M-H). 

35 

Bcamoie S 

Ga(lolinium(IIIK1 .4.7-lriscartxixymethyM .4J,l04etFBazacydododecane) 

40 

To a soiufion of 9.05 g (26.1 mmol) of 1.4.7^riscartxixymethyl-1. 4.7.1 O^straazacydododecane (see 
Bcample 3) in 50 ml of water was added 4.74 g (13.1 mmd) of sdid gadoOnhim 09dde. The mixture was 

« heated to 90*C for 4 hours, during which ttme most of the solid dissolved. The mixture was fiNared and the 
fiHrato evaporated to dryness under reduced pressure. The gummy residue was twice dissolved In ethand 
and evaporated to dryness. The colorless solid residue was dissolved in itftromethane. filtered through a 
fine porosity sintered glass fUnnel. and the fiHrato placed in a flask in a closed container also holdng atxxit 
1 liter of wator. Oifhision d water Into the organic solution over several days gave a colodess sdkJ 

60 precipitate. The predpltate was collected by filtration, washed with nitromethane, resuspended in acetone 
and washed well .wHh that solvent, then dried under vacuum at 60"C for 2 days yielding 10.7 g of a 
coloriess solid. 

Anal. Calcd. for 80.08% ligand, 9.94% waten C, 3025; H, 5.28; N. 10.08. 
Found: C. 3025; H, 5AB; N. 9J7; C/Na14.4 
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Qadollnlum acetate tetrahydrate (145^ mg) was dissolved In 3 ml of deionlzed water. Aqueous 1M 
1A7«4rtscart)oxymethyl-1A7.10-tstraazacyclodod6cane was added to the gadolinium acetate solution, 

0 mixed and adjusted to pH 3. The mixture was heated for 20 minutes at 68''C and adjusted to pH 7.3 with 
IN sodium hydroxide. The free gadolinium content was measured by paper thin layer chromatography. 
Tvrice the quantity of 1A74ri8cart)oxymethyl-1 .4.7.1 (Hetraazacyclododecane required to chelate any free 
gadolinium was added. The solution was adjusted to pH 3, heated at 88*C f6r 20 minutes and then adjusted 
to pH 7.3. Ree gadolinium content was determined and 1. 4,7-trl8cart)oxymethy 1-1 ,4,7,10- 

10 tetraazacyclododecane was added as required. The sample was adjusted to 7 ml with deionlzed water, 
passed through a 0.22 u filtar (K/8lllpore) into a vial, stoppered and sealed. 



Bcamnie 2 

76 

Qadolinium(IIIK4,7,1 0-trlscarboxymethyM -oxa4,7,1 0-trlazacyclododecane 

Thirty mg of 4,7.1 0^8cari3oxymethyl-1-oxah4,7,10-triazacyciododecane (see Example 1) added to 
0.7 ml of lOOmM gadoOnlum acetate. The solution was adjusted to pH 3 and heated at 88''C for 20 minutes. 

20 A precipitate was via'bia when the solution was adjusted to pH 7.3. 4,7,1 0-Triscartx>xymethyi-1 -0X8-4.7,1 0* 
triazacyclododecane (16 mg) was added, the solution adjusted to pH 3 and heated at 88''C for 20 minutes. 
On adjustment to pH 7.3. a slight precipitate was observed. Twenty mg of 4.7,1 0-triscartMxymethyl-l -oxa- 
4J,10-triazacyclododecane was added and the solution was adjusted to pH 3.0. Reheating under the same 
conditions resulted in reducing the free gadolinium to 0.22±0.18% as measured by paper thin layer 

95 chromatography of a radiolabeled chelate solution. The final chelate solution was clear at pH 7.3. It was 
passed through a 022u filter (Millipore) into a vial and sealed. 



Example 7 

^"Technetlum(1 ,4.7*trl8carboxymethyl-l .4,7.10-tetraazacyclododecane 

lOOmiy^ of caidum (II) (1,47-triscffl1x)xym0thyi-l ,4.7,1 0-tetraazacyclododecane) was prepared by ml)dng 
equal volumes of 200mM of calcium chloride and 200mM of I,4.7«tri8cartx>xymethyl-1. 4.7,10* 
66 tetraazacyclododecane. One and one-half ml of the solution was adjusted to pH 8.8 with dilute sodium 
hydroxide and 150 ul of 0.88% stannous chloride was added and mixed. Technetlum-OOm was added to 
obtain a final concentration of 20 uCiyimi and the solution was adjusted to pH 3. The solution was heated at 
88*0 tat 20 minutes, cooled, and adjusted to pH 7. After adjusting to a volumne of 3 ml. ft was passed 
through a 022 ii fitor. 

40 

Gallium(illX1 .4,7-trlscarboxymethyhl ,4^7.1 0'leiraazacydododecane) 

46 

(1,4.7-Tri8carbOKynielhyM,4.7,10«traazacyclododecane (B9.3 mg) and 58.8 ntg of dihydrated caidum 
chloride were mixed in water to yield calcium (II) (1.4.7-tri8carboxymethyl-1,4,7,10-tetrBazacyclododecane). 
90 ua of *'gaiilum was added. The solution was adjusted to pM 3, heated at 88'C for 20 minutes and 
adjusted to pH 7.3. 
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50mM Bl8muih(ni) (1,4,7<4ri8carboxymelhyhlA7,lO«^^ was prepared by combin- 

ing mg of bismuth nitrate with lOOul of 1M l,4,7-triscart>0Kytnothyf-1 ,4,7,1 (Mstraazacyciododocane and 
140 ul cf add. The solution was acQustad to pH 3 with dilute sodium hydroxide. The miTCture was heated at 
8B*C until the Usmulh nftrete dissotvad ^ 30 minutes). The solution was adhisted to pH 7.3 with diuto 
sodium hydroxide and reheated briefly at 88*C until a smali quantity of precipitate was dissolved. On 
cooling, tfte solution remained dear. 

DetenninatSon of free bismuth by predpHation and x-r^ fluorescence spectroscopy showed that >89% 
of the bismuth had been chelated. 



Chromium, imn. Manganese and Dysprosium Chelates of (1A7<4riscarbaxymethyh1A7.1(K 
tetraazacydododecane) 

Fbur hundred fifty ul of lOOmM solutions of each of chromic chloride, fame chloride, manganese 
chloride and dysprosium chloride were mixed eo m of 1M 1.4,7-triscarix)Kym6thyl-1.4.7.10- 
tetraazacydododecane and acQusted to pH 4^ The solufions were heated at 88*C for 20 minutes to 
enhance the rate of chelation, cooled and then adjusted to pH 7. 

To determine if chelation had occurred, the sdulfons were diluted to a concentration of ImM metal 
cheiato. An attquot was tested by measuring Its relaxivity and comparing it with the relaxivity of the metal 
ton afone. The data demonstrated cieariy that the metal ions had been chelatsd. The nalaxhnty is 
proportional to the number of water mdecutes bound to the metal. The chelator cfispiaces coordinated water 
molecules and thus lowers the relaxivity. Relaxifives of metal chelatBS are shown In fhe tollowing table. 



Releuclvities of Hetal Chelates at 20MHz 

Chelate K- 
Metal (Mole'-^ Sec-*'*') 

Dysprosiiun (III) (1.4, 7-t:riscari)oxymethyl- 
1, 4, 7, 10-»tet:raazacyclododecane ) 177 
Dysprosixim - chloride 525 
Iron( I I I ) ( 1 , 4 , 7- triscarboxymethyl- 
1,4,7, lO-tetraazacyclododecane ) 530 
Ferric chloride 3374 
Chromium( II I ) ( l , 4, 7-triscarboxymethyl- 
l,4, 7, 10 -tetraazacydododecane) 422 
Chromic chloride 3270 
Manganese ( 1 1 1 ) ( 1 , 4 , 7- triscarboxyme thyl- 
1,4,7, 10- tetraazacydododecane ) ( sodium 
salt) 1151 
Manganese chloride 6250 
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QadoOnium(lllX4.7,lO-tri8catoxymethyh1-meft^^ 

Gadolinium acetato tetrahydrate (102 mg) was mixed with 133 mg of *4,7.1O-trlscartX)xymethyl-1-m0thyK 
lAT.IO-tetraazacyciododecane. To the mixture was added 2S0 uQ of ^ gadoBnium nltrata. The solution 
was ad^isted to pH 3 wHh IN hydrochlorio add and heated' for 20 minutes at 88^C. The solution was 
adjusted to pH 7. Free gadolinium content was 5.07%. Additional ligand^ 36 mg. was added, the solutim 
was adjusted to pH 3 and heated 9s k>efore. Th solution was adjusted to pH 7.3 and tested by the thin 
layer chromatography procedure. Free gadolinium content was 0.14%. 



Claims 

1. A compound having the formula 

1. A compound having the formula 
HO-LcH \h^-C!^ 



CH^ 



25 



^1 

or a salt thereof, wherein Y Is oxygen or — N - • Ri Is hydrogen. aDcyi arylalkyl or aryl and Rs is hydrogen 
30 or aikyl. 

2. A compound in accordance with claim 1 wherein Y is oxygen. 

3. A compound in accordance with daim 1 wherein 

h 

Y Is — fsl • and R, is hydrogen. 

38 4. A compound in accordance with daim 1 wherein 

Yte- N- andRitealkyl. 

5. Acompound In accordance with daim 4 wherein 

40 Yis — N* and R, is methyl 

6. A compound in accordance with daim 1 wherein 

Yls— and R, Is aryiaikyl. 

7. A compound in accordance with clitf m I wherein 

Y is ^ N - and R. Is t)enryl. 

a AjDompound in accordance with claim 1 wherein 

Y Is — IVI - and R, Is aryl. 

50 9. A compound In accordance with claim 1 wherein Ra Is hydrogen. 

10. A compound in accordance with claim 1 wherein Rs is alkyi. 

11. A compound In accordance wHh claim 10 wherein Ri is methyl. 

1i The compound In accordance with claim 1, 4.7.1 0-trlscarl)oxymethyl-1-oxa-4,7,10- 
triazacydododecane. 

56 1 3. The compound in accordance with daim 1 , 1 ,4.7-trlscart)0xymethy 1-1 ,4,7,1 0-tetraazacydododecane. 
14. The compound In accordance with claim 1, 1-methyl-4.7,10-triscarl3oxymethyi-1, 4,7,10- 
tetraazacyclododecane. 
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15. Th© compound m m claim l, iHjerayMj.llHrtscaita^ 

tBtFBazacyclododecanB. 

16. A oompiex, or a salt of a complex, of a metahchdatfng ngand havf ng the fiomiula 



TO 



TS 




» wherein Y is oxygen or — . R. is hydrogen, allcyl. arylslkyi or aryi. and R, Is hydrogen or aDcyl and a 
paramsonettc metal atom. 

17. A complex in accordance with dafen 16 wherein the paramagnetic metal atom Is gadolfnium, 
manganese, chromium or iron. 

1& A complex in accordance with daim 16 whereh the metal chelaling Dgand is 4.7.10- 
^ trfscarboxymethyM-oxa-4.7,10^a2acydododecane. 

19. A complex in accordance with dalm 16 wher^n the melal chelaling ligand to 1.4.7- 
trfscartMsxymethyM .4.7.tO-tstraa2acyclododecane. 

20. A complex in accordance with dalm 16 wherein the metal chelating Hgand is l-melhyK7.10- 
triscarixxxymethyM ,4,7,ia^etraa2acydododecane. 

^ 21. A complex In accordance with daim 16 wherein the chelating Bgand Is I4)enzyl-47.10* 
triscartxjxymethyM A7r10-telraa2acyclododecane. 
22. A compound having the tbnnula 



35 
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wherein R'. Is aDcyl, arylalkyi or aryL 
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